INTRODUCTION
Studies of steroid pathways and, particularly, of the trophic response of adrenocortical cells to ACTH have been limited by the in-vitro systems currently available. A tissue culture system offers considerable advantages over other in-vitro techniques, including longer cell survival which is required for studies of trophic stimulation, but until recently (Slavinski, Auersperg & Jull, 1974) , the only available culture systems were a tumorigenic cell line (Buonassisi, Sato & Cohen, 1962) and normal adrenal cell populations maintained in primary culture (Kahri, 1966; Armato & Nussdorfer, 1972; O'Hare & Neville, 1973a) . Although the tumour cell line provides large homogeneous populations of functional cells, it exhibits abnormal steroid biosynthetic pathways (Kowal & Fiedler, 1968) . The steroid biosynthetic pathway of normal adrenal cells maintained in primary culture is more typical of adrenal cortical parenchyma in vivo (O'Hare & Neville, 1973a, b) , but the presence of mixed cell populations makes biochemical analysis difficult. Furthermore, no corticosterone is detected once the cultures reach the steady baseline output after 10-14 days without ACTH (O'Hare & Neville, 1973 è), while adrenal cortical parenchyma continues to secrete corticosterone, although in reduced amounts, in the hypophysectomized animal (Shima, Matsuba & Pincus, 1968) .
As described in a recent report (Slavinski et 
Cell culture
Normal adrenocortical cells from 1-3 month old male Fischer rats were grown in primary culture as described previously (Slavinski et al. 1974) . To Radioactive metabolites and standards were located using autoradiography as described by Jellinck & Goudy (1967 of radioactive steroid per culture dish. The procedure for isolation of the radiometabolites has been described previously (Slavinski et al. 1974 ). Extracted radioactive metabolites were admixed with 100/¿g of unlabelled carrier and then sequentially chromatographed in the systems PPC 1, PPC 2, TLC 1, TLC 2 and, after acetylation, in TLC 3.
The radiometabolites were finally identified by co-crystallization from methanol/water with 10-20 mg carrier steroid to constant specific activity. Since most of the metabolites were difficult to crystallize from solvent pairs other than methanol/water, this was used consistently. Axelrod, Matthijssen, Goldzieher & Pulliam (1965) shown to fluoresce weakly (Kowal & Fiedler, 1968 Adrenal fibroblast-like cells, not stimulated by ACTH, metabolized [4-14C]pregnenolone only to pregn-5-ene-3/?,20a-diol. In contrast to the epithelial-like cultures, the amount of pregnenolone converted to pregn-5-ene-3/?,20a-diol by the adrenal fibroblast-like cultures increased slightly after the addition of ACTH. This response was significant (P < 0-05) after 3 days of pre-incubation with the trophic hormone but after 5 days, the production of pregn-5-ene-3/?,20a-diol was not significantly different from that of the controls. The addition of trophic hormone to fibroblast-like adrenal cultures also stimulated the production of detectable amounts of 20a-hydroxypregn-4-en-3-one and deoxycorticosterone (Table 2B) .
To compare the conversion of pregnenolone by adrenal cultures in the fibroblastic form and in the epithelial form on a per cell basis, the values given in [4-14C] pregnenolone as the adrenal fibroblast-like cells, but converted it to unidentified polar compounds only and did not produce pregn-5-ene-3/?,20a-diol, 20a-hydroxypregn-4-en-3-one or deoxy¬ corticosterone. They also did not respond to ACTH (Table 2D) .
Of the metabolites isolated, pregn-5-ene-3/?,20a-diol, 20a-hydroxypregn-4-en-3-one, deoxycorticosterone and corticosterone were identified by co-crystallization with authentic carrier steroids. After three successive crystallizations, the specific activity of the crystal crops and of the last mother liquors remained constant within an error of no more than ±3-10 % (coefficient of variation).
Morphologic changes in response to ACTH The trophic steroidogenic response to ACTH was accompanied by morphologic changes.
Without ACTH treatment, cells in the epithelial form were flattened, cohesive and contained numerous lipid inclusions (Fig. 1 A) . After 1 day of ACTH treatment, the cells had retracted and fewer lipid inclusions were observed (Fig. 1B) . After 3 days of ACTH treatment, i.e. at the time of the maximal steroidogenic response, most lipid inclusions had disappeared and cells appeared more symmetrical and rounded than in the controls (Fig. 1C) . Cells treated for 5 days with ACTH appeared essentially similar to those treated for 3 days, though edges of cell monolayers tended to draw away from the substratum (Fig. 1D) ; many cell groups had lifted from the culture surface entirely.
The culture morphology of fibroblast-like cells was similar to controls after one day of ACTH treatment ( Fig. 2A, B) . After 3 days of trophic hormone treatment, i.e. at the time of maximal steroidogenic response, cells were more rounded and epithelial-like and this morphology remained essentially unchanged after 5 days of treatment (Fig. 2C, D) .
The morphology of cultured muscle fascia fibroblasts did not change in response to ACTH when cells were grown in medium supplemented with foetal calf serum or horse serum.
DISCUSSION
Adrenocortical cells subcultured and grown according to the method used here (Slavinski et al. 1974 ) offer a unique system for studying adrenocortical cells in monolayer tissue culture.
In the epithelial form, the cells resembled parenchyma of the zona fasciculata in that they contained large amounts of lipid which were depleted by ACTH (Rhodin, 1971) , produced corticosterone in the presence or absence of ACTH (Shima et al. 1968 ; Kitay, Coyne & Swygert, 1971; Colby, Malendowicz, Caffrey & Kitay, 1974) and, when maximally stimulated by trophic hormone, produced corticosterone in amounts similar to the acute ACTH-stimulated fascicular zone in vivo (Shima & Pincus, 1969; Gill, 1972) . The zona fasciculata exhibits unique ultrastructural characteristics (Kahri, 1966; Rhodin, 1971) which have been used to identify cells of fascicular origin in primary monolayers maintained in vitro (Milner, 1975 (Sanders & Rutter, 1974 In either cell form, the endogenous fluorogenic steroid production increased after 1 day of stimulation with ACTH but a maximal response was attained only after 3 days of stimulation, pointing to a trophic response. The fall in corticosterone production after 5 days of constant ACTH stimulation in cultures that appeared healthy on the basis of morphology and mitotic activity, was suggestive of the refractory state observed in normal adrenal parenchyma in vivo after prolonged stimulation with ACTH (Mostafapour & Tchen, 1972) and is the first documented report of this phenomenon occurring in tissue culture. In common with tissue-specific responses of most cells propagated in culture, the response in vitro to ACTH differed in timing from the response of adrenal parenchyma in vivo. However, the general pattern of response to trophic hormone, i.e. an increase in steroid biosynthesis to a maximum, followed by a refractory period, was the same.
That the adrenal cells in vitro, with the exception of ACTH-stimulated epithelial cells, did not metabolize [4-14C] pregnenolone to detectable amounts of corticosterone, is interesting and in accord with previous observations in in-vitro systems of striking differences between the incorporation of exogenous radioactive precursors and endogenous precursors into end-products (Vinson, 1966; Stachenko, Lee & Nagy, 1971) . It has been suggested that endogenous and exogenous precursors are never allowed to constitute a homogeneous pool. Possibly this is due to both the rapid turnover of the endogenous steroids and the rate at which the exogenous pregnenolone can reach its proper site of metabolism within the cell (Stachenko et (Gospodarowicz & Gospodarowicz, 1975) . The relationship between functional activity and cellular retraction of adrenocortical cells in vitro as well as the relevance of these phenomena in vivo remains unclear. The response of both epithelial and fibroblastic cells to ACTH, the presence of a steroid biosynthetic pathway similar to that of adrenocortical parenchyma in vivo, and the apparent cell homogeneity, make this system particularly useful for studying adrenocortical function in monolayer culture and examining the trophic effects of hormonal stimuli in highly-differentiated and partially-differentiated adrenocortical cells in vitro.
